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Abstract 
BACKGROUND AND AIM: This study was designed to assess the correlation between chronological age and modified 
Demirjian estimated dental age. 
METHODS: Panoramic radiographs of 183 Patients between 13.5 and 20.5 years old were assessed for the developmental 
stage of lower right third molars. Student’s t-test was used to measure the same hypothesis of the chronological age and 
estimated modified Demirjian dental age described above and Pearson's correlation coefficient was used to measure the 
linear correlation between them. 
RESULTS: The result of the test at a significance level of 95% led to the hypothesis. There was no significant difference 
between chronological age and estimated dental age measured by modified Demirjian method (P = 0.81). Pearson 
correlation coefficient between dental age in modified Demirjian's method and chronological age was calculated 40%. 
CONCLUSION: The mean dental age in both male and female, was calculated 0.33 years less than chronological age. 
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stimating children’s age plays a 
critical role in forensic medicine, 
endocrinology, pediatrics and 
clinical dentistry. Dental age is of 
critical importance particularly in diagnosis 
and planning of pediatric and orthodontic 
treatment procedures. Dental age of children 
may be assessed based on development of 
teeth in radiographic images. Assessment of 
dental developmental stages is more valuable 
than dental formation because the formation 
time is short and begins as soon as teeth 
begin to appear inside the mouth and can 
change by factors that may be local, like lack 
of space or systematic, like nutrition status.1-4 
Several methods are suggested to 
determine dental evolution in radiography.5,6 
Among methods using dental calcification to 
determine dental age, the most common 
method in the world is Demirjian’s 
technique.6 It is based on calcification of 
permanent teeth in panoramic radiographic 
images. The method however has some 
limitations and weaknesses, such as requiring 
much time and accuracy in calculations, and 
using curves and diagrams, and the fact that 
it was originally developed for people of 
Canadian decent.6-11 Moreover, the method 
resulted in overestimation in research works 
undertaken in various countries. Since the 
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publication of reports on dental age 
determination by the technique of Demirjian 
et al., other methods have been developed by 
Nolla,12 Galic et al.,13 Willems et al.,14 and 
Cameriere et al.15 The problem with dental 
age determination through Demirjian method 
emerges when nearly all roots of the patient’s 
permanent teeth have already evolved and 
the technique has to focus on the patient’s 
wisdom teeth (third molar). Based on 
previous studies, modified Demirjian's 
method has the best accuracy, reliability and 
inter- and intra-observer agreement.16,17 
Modified Demirjian technique is a perfect 
technique to estimate dental age 
radiologically. Radiographic analysis of third 
molar development allows to estimate age in 
a range of 9-23 years, because crown and root 
development can be studied regardless of 
eruption. The third molar is of particular 
interest because (a) it is the last and most 
variable tooth to form and (b) it is the only 
tooth to be completely formed after puberty, 
which has made it attractive in forensic and 
legal circles as an estimator of adulthood.18 
The modified Demirjian method was 
studied in various populations and its 
application resulted in differences between 
various races.8,19,20 As similar studies were 
already undertaken in other countries, this 
study was focused on evolutional stages of 
modified Demirjian technique on third  
molar teeth. 
Methods 
Ethical approval of this study was granted by 
the Shahid Sadoughi University of Medical 
Sciences, Yazd, Iran (IR.SSU.REC.1395.81). 
The present study was a retrospective review 
of 284 panoramic radiographs of orthodontics 
patients referring to a state-run dentistry 
clinic (Khatam al-Anbia dental clinic, Yazd, 
in 2016). Radiographs showing 
developmental/evolutionary problems, 
lacking third molars or those with invisible 
third molars were totally eliminated from the 
study. Dental age was estimated by modified 
Demirjian method using right third molars. 
Panoramic radiographs of acceptable quality 
and clarity which were showing at least the 
lower-right third molars were chosen. 
Estimation of dental age was also performed 
on all existing third molars of patients. 
Chronological age of patients was 
collected from their medical files, taking into 
account their month of birth and by 
subtracting the radiography date from the 
birth date. Dental age was calculated by 
modified Demirjian method for lower-right 
third molars (Figure 1).21 
 
 
Figure 1. Developmental stages of third molar 
roots based on modified Demirjian’s method 
 
SPSS (version 18, SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. 
Kolmogorov-Smirnov test was used to verify 
data normality hypothesis. Average 
difference between dental and chronological 
ages was calculated for all ages. T-test was 
used for comparison between groups. A 
reliability level of 95% was considered for all 
of the tests used in this study. 
To verify the repeatability of the analyses, 
83 of the panoramic radiographs were  
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Table 1. Descriptive data on estimated dental age by modified Demirjian method and chronological age of 
studied population 
  Number 
Chronological 
age 
Dental 
age 
Chronological 
age 
Dental 
age 
Chronological 
age 
Dental age 
Minimum Maximum Mean ± SD 
Total 183 13.5 13.75 20.58 19.5 17.21 ± 1.17 16.88 ±1.08 
Female 126 13.5 13.75 20.58 19.5 17.20 ± 1.18 16.90 ± 1.14 
Male 57 13.5 13.95 19.50 18.4 17.24 ± 1.13 16.80 ± 0.95 
SD: Standard deviation 
 
randomly chosen and examined 1 month 
later by oral and maxillofacial radiology 
experts. Kappa agreement coefficient was 
employed to test the agreement of old and 
new dental ages. 
Results 
A number of 183 panoramic radiographs 
belonging to legible Iranian young adults met 
the inclusion criteria. Kappa agreement 
coefficient of this study was 0.82 showing a 
good level. In other words, reliability of the 
first round of estimation was confirmed by 
the second analysis of the samples. 
Distribution of sex and 
mean/minimum/maximum chronological age 
of studied patients and dental age by modified 
Demirjian method are presented in table 1. 
Mean estimated dental age by modified 
Demirjian method was 0.33 year (about 4 
months) less than the chronological age. 
Table 2 presents data on difference of 
chronological and estimated dental age by 
modified Demirjian method. 
T-tests were used to examine the 
significant difference between chronological 
age and estimated dental age by modified 
Demirjian method. T-tests were also used to 
study the effect of sex on age estimation, and 
no difference was observed between the two 
sexes in estimated dental ages, showing that 
sex did not affect age estimation by modified 
Demirjian method (P = 0.95). 
Pearson’s correlation coefficient test was 
used to look for a linear correlation between 
estimated dental age by modified Demirjian 
method on lower and upper third molars and 
the chronological age of the patients. The 
calculated value was 40%. The ratio between 
estimated dental age and chronological age 
was 29% for male and 32% for female 
patients. Figure 2 provides a comparison 
between chronological and estimated dental 
age by modified Demirjian method based on 
sex of patients. 
T-tests were used to examine the 
significant difference between chronological 
age and estimated dental age by modified 
Demirjian method. T-tests were also used to 
study the effect of sex on age estimation, and 
no difference was observed between the two 
sexes in estimated dental ages, showing that 
sex did not affect age estimation by modified 
Demirjian method (P = 0.95). 
Pearson’s correlation coefficient test was 
used to look for a linear correlation between 
estimated dental age by modified Demirjian 
method on lower and upper third molars and 
the chronological age of the patients. The 
calculated value was 40%. The ratio between 
estimated dental age and chronological age 
was 29% for male and 32% for female 
patients. Figure 2 provides a comparison 
between chronological and estimated dental 
age by modified Demirjian method based on 
sex of patients. 
 
Table 2. Difference of mean, minimum and maximum of chronological and estimated dental age by 
modified Demirjian method 
 Number Minimum Maximum Mean ± SD P 
Difference of chronological and dental age 183 -0.25 1.08 0.33 ± 1.7 0.81 
SD: Standard deviation 
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Table 3. Pearson correlation coefficients between 4 studied teeth 
 LR LL UL UR 
LR Pearson correlation (n = 183) 1 0.880
*
 0.753
*
 0.706
*
 
N 183   176 
P < 0.001 < 0.001 < 0.001 < 0.001 
LL Pearson correlation 0.880* 1 0.760
*
 0.750
*
 
N 178 178 171 173 
P < 0.001 < 0.001 < 0.001 < 0.001 
UL Pearson correlation 0.753
*
 0.760
*
 1 0.909
*
 
N 174 171 175 174 
P < 0.001 < 0.001 < 0.001 < 0.001 
UR Pearson correlation 0.706
*
 0.750
*
 0.909
*
 1 
N 176 173 174 177 
P < 0.001 < 0.001 < 0.001 < 0.001 
LR: Lower-right; LL: Lower-left; UL: Upper-left; UR: Upper-right 
*Correlation is significant at the 0.01 level (2-tailed) 
 
 
Figure 2. Sex-based comparison between 
chronological and modified Demirjian method 
estimated dental age 
 
Figure 2 shows that the modified 
Demirjian estimated dental age provided a 
lower age average in comparison to 
chronological age. 
Correlation coefficient of estimated dental 
age for lower-left (LL), lower-right (LR), 
upper-left (UL), and upper-right (UR) third 
molars are provided in table 3. Maximum 
correlation was reported for upper-left and 
upper-right third molars. Minimum value 
was calculated for upper-right and lower-
right third molars, which was 0.706. Value of 
P for all variables in table 3 was < 0.001 at a 
significance level of 90%, indicating an 
acceptable correlation assumptions between 
the two variables. 
Based on the present study using linear 
regression, the formula for calculating 
chronological age from estimated dental age 
is as follows: 
Table 4 is regression model for Sex-Free. 
 
Sex-free linear regression model: y = 
10.384 + 0.39x 
 
Table 5 is Regression model for female. 
 
Female linear regression model: y = 9.611 
+ 0.433x 
 
Table 6 is Regression model for male. 
 
Male linear regression model: y = 8.033 + 
0.53x 
 
Using regression models to predict the 
exact chronological age, we can use this 
model to predict Dmirjian method based on 
the estimated age. 
Discussion 
The highest level of reliability in dental age 
determination will be achieved when the 
evolving teeth are used for the process. Teeth 
 
Table 4. Sex-free linear regression model 
Coefficients
*
 
Model 
Unstandardized coefficients Standardized coefficients 
t P 
B Standard error Beta 
1 Constant 10.384 1.696 - 6.124 < 0.001 
Mean 0.391 0.100 0.395 3.891 < 0.001 
*Dependent variable: age 
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Table 5. Female linear regression model 
Coefficients
*
 
Model 
Unstandardized coefficients Standardized coefficients 
t P 
B Standard error Beta 
1 Constant 9.611 1.979 - 4.857 < 0.001 
Mean 0.433 0.117 0.445 3.714 < 0.001 
*Dependent variable: age 
 
are the most resistant parts of human body 
with the lowest turn-over rate. Also, teeth are 
less sensitive to nutritional, hormonal and 
pathological factors.22 In comparison to other 
teeth, third molars are the most used ones in 
forensic dentistry because they evolve slower 
and at later ages.23 In terms of dental 
maturity, third molars are the only teeth that 
allow accurate dental determination after the 
age of 16 years.24 On the other hand, 
panoramic radiography is one of the best 
tools for evaluation of dental calcification due 
to its potential in showing a wide range of 
facial and dental bones.25 Thus, this paper is 
focused on determining chronological age 
and dental evolution phases of third molars 
by modified Demirjian technique on 
panoramic radiography images. 
We found a significant linear correlation 
between chronological age and dental age of 
all four third molar teeth (based on 
Demirjian), a finding that is in line with other 
studies.26-33 
In our study, the highest correlation 
coefficient was between UR and UL and also 
between LR and LL with rates of 91 and 88 
percent. The correlation coefficient for 
UL/UR was 98% for men and the same for 
LL/LR in women was 85.8%. 
Based on different studies, the highest 
correlation coefficient between dental and 
chronological age was reported between 
UR/UL and LR/LL.29,34-36 
Moreover, in the work of Bagherpour et al. 
on an Iranian population using Gleiser and 
Hunt method modified by Kohler, dental age 
of UR/UL showed the highest correlation, 
similar to the present study.37 But studies of 
Rai et al. with modified Demirjian method on 
an Iranian population of 10-27 years found 
the highest correlation between LL/UL teeth 
which was 94%.26 The difference may be 
related to the differences in the age range of 
the studied population, as in the present 
study a range of 13-21 years was used. 
In our study, the highest correlation 
between dental and chronological age was 
found for UR, LR, LL and UL teeth at rates of 
40.2, 39.2, 37.3 and 35.2 percent. In the study 
by Ezoddini et al. the highest rate of 
correlation between dental and chronological 
age was found for LR, LL and UR at rates of 
23.9, 24.5 and 39.4 percent, similar to ours.38 
But in the study by Monirifard et al. the 
highest correlation between dental and 
chronological age was in LL for men and LR 
for women.25 
We found a significant linear correlation 
between ages of left and right third molars 
which means that the ages estimated 
separately by these teeth were approximately 
the same. 
In the works of Lopez et al.,39 Orhan  
et al.,29 Meinl et al.,35 and Darji et al.,33 there 
was no significant difference in the age of 
linear correlation between the third molars of 
both jaws. The coefficient was acceptable 
although not so large (32.9%). 
 
Table 6. Male linear regression model 
Coefficients
*
 
Model 
Unstandardized coefficients Standardized coefficients 
t P 
B Standard error Beta 
1 Constant 8.033 3.514 - 2.286 < 0.032 
Mean 0.530 0.208 0.476 2.540 < 0.019 
*Dependent variable: age 
 
 
 
 
 
http://johoe.kmu.ac.ir,    5 January 
Safaee et al. Chronological and dental age correlation 
       J Oral Health Oral Epidemiol/ Winter 2017; Vol. 6, No. 1       19 
According to Olze et al.40 and Li et al.,41 
there was no significant difference in the 
evolution of higher and lower third molars, 
but according to Gunst et al.36 and Darji et 
al.,33 maxillary third molar evolved a little 
quicker than the mandibular. 
In the present study, the average estimated 
age by Demirjian method was underestimated 
compared to the average chronological age by a 
factor of 0.33 years, which is in line with several 
other studies,24,30,38,42 while some other studies 
reported overestimation of age by Demirjian 
method.1,43,44 The differences may be related to 
racial diversities among studied populations. 
According to the present study using 
Demirjian method, no significant difference 
was observed in age estimation of the two 
sexes, a finding in line with that of several 
other studies.27,29,33,44,45 However, there are 
many studies reporting significant 
differences in evolution of third molars 
between the two sexes.23,32,35,36,38,39,46 
Effectiveness of age estimation is usually 
measured with mean absolute error (MAE), 
calculated by deducting the chronological age 
from the dental age. A positive result 
indicates overestimation, while a negative 
result points to underestimation.28 In this 
study, the average MAE was -0.33 for all 
participants: -0.43 for men, and -0.3 for 
women. In the study by Khorate et al.,28 the 
average MAEs for all participants, men and 
women by Demirjian method were 2.32, 2.25 
and 2.29 respectively. His works also 
reported the lowest MAE for women. The 
difference in MAE between the present study 
and that of Khorate et al. may be due to 
differences in race and age range of studied 
population in the latter study (4-22 years).28 
Conclusion  
There was a significant linear correlation 
between the chronological age and dental age 
of all four third molar teeth, and also between 
ages of left and right third molars in our study. 
Using modified Demirjian method, we did 
not observe any significant difference in age 
estimation of the two sexes. The average 
estimated age by modified Demirjian method 
was underestimated compared to the average 
chronological age by a factor of 0.33 years. 
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